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STATUS OF THE SPACELAB PROGRAM

Robert L. Lohman
Director, Engineering and Operations
Spacelab Program, NASA Headquarters
Washington, DC
ABSTRACT
the orbiter cabin. Men and women scientists and
engineers with only limited astronaut-type train
ing will be able to work in the Spacelab module
in comfort and, in some cases, use their ground
based research equipment with little or no
modification for the space environment. The
Spacelab module is connected through an access
tunnel to the orbiter cabin where the Spacelab
crew will sit during launch, reentry and landing
and will sleep, eat and take care of their person
al needs throughout the mission. Up to four
Spacelab crew members, the so-called "payload
specialists", will be able to fly with their
experiments in addition to the normal complement
of three professional astronauts to operate the
Shuttle and Spacelab systems.

Based on current estimates of Space Shuttle
traffic in the 1980's about one third of the
flights vill utilize Spacelab, a system which
will greatly increase the Shuttle's capability
for conducting science, applications and technol
ogy missions lasting seven to thirty days.
Spacelab is the largest international cooperative
space program involving the United States to date
with nine European countries working through their
space agency, ESRO, to design and develop the
system to Joint U.S./European requirements.
Europe will provide all necessary development
funding. The U.S. will operate Spacelab and will
procure additional Spacelabs as required.
INTRODUCTION

Referring again to Figure 1, an instrument mount
ing platform is located aft of the pressurized
module and is called a Spacelab pallet. Tele
scopes, antennas and other instruments which need
direct exposure to space for their proper function
ing or which require wider viewing angles than
possible through a window in the module are mount
ed on the pallet and can be operated remotely from
the Spacelab module, the Shuttle orbiter cabin or
by command link from the ground. In this arrange
ment a substantial portion of the orbiter's 60 by
15 foot pay load bay is filled with Spacelab ele
ments. The orbiter bay doors are open on orbit
not only for experiment viewing purposes, but also
to expose the radiators used for dissipating ex
cess heat from the orbiter and Spacelab.

Last September an important international agree
ment was reached on a new cooperative program
called Spacelab. In Washington the director
general of ESRO, the European Space Research
Organization, signed a memorandum of understand
ing with the administrator of NASA in which ESRO
will organize and direct the efforts of nine
European countries in the design and development
of a reusable space laboratory called Spacelab.
This new system will fly in the Space Shuttle
pay load bay and will remain attached to and be
dependent on the orbiter throughout a mission.
According to the most recent NASA estimates of
what the Shuttle will be used for in the 1980's,
more than one third of the flights will carry a
Spacelab configuration for science, applications
and technology investigations, similar in many
ways to those conducted on Sky lab, except for
the shorter mission durations. The Shuttle
traffic estimates for the late 1980 's predict
more than 30 Spacelab flights a year, each last
ing between 7 and 30 days. The first part of
this paper will describe the Spacelab concept as
it stands today and the second part of the paper
will be devoted to the main features of the
program including the European role.

Figure 2 shows two other arrangements of Spacelab
elements which many of the potential users have
indicated an interest in. In addition to the
module and pallet combination shown here and in
the previous figure, artists concepts are shown
for module-only and pallet-only configurations.
The complete Spacelab system will be segmented in
such a way that all three of these configurations
and more can be assembled from the parts, includ
ing a short module, a long module, a pallet In
several different lengths and various combinations.
The idea for Spacelab evolved tram. NASA's studies
of long duration space stations in the 1968 to
19T2 period and, of course, from the reusable
Space Shuttle concept itself. It also has drawn
heavity from NASA f s experience in conducting air
borne science programs (e.g., Ames Research Cen
ter's use of a Convair 990 for low cost, fast

SPACELAB CONCEPT

Figure 1 shows a typical Spacelab configuration
mounted in a Shuttle orbiter pay load bay. Near
the forward end of the bay is a large cylindri
cal module which will be pressurized to one
atmosphere with oxygen and nitrogen, just like
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research colleagues on the ground at any time.
Pressurized volume for research equipment will be
expandable from 5m3 to about 20m3 not counting the
volume for crew access and subsystems. Power for
experiments will be in the range of 3 to *K5 kw
on the average. A large instrument pointing gimbal system will provide accuracies approaching 1
arc second. Data recording and transmission will
be provided for digital data in the range of 30
to 50 mbs as well as for analog data and color
television. Spacelab will also have extensive
capability for on-board checkout, system monitor
ing, fault isolation, experiment programing and
data displays and processing. Many other kinds
of support to users will be provided by Spacelab
and are listed in Figure 5«

reaction astronomy missions)* The concept
developed in the space station studies was for
modular laboratory facilities which could be
docked with a seui-pexvanent space station facil
ity for a period, then returned from orbit and reoutfitted on the ground (i.e., the RAM concept).
This concept seemed to combine the best features
of Sky lab with much more flexibility and growth.
When it became apparent that funding for a space
station program might not be available for years,
we began to study more modest laboratories which
would not separate from the Shuttle and would re
turn to Earth at the end of each sortie mission.
The first contract on the sortie laboratory con
cept was with General Dynamics Convair in 1969.
The objectives of SpaceLab are essentially the
same as they were fbr the early studies of sor
tie mission laboratories. Figure 3 lists the
'most important drivers:

Although not shown in Figure 5 the program has
established a goal making 5000 to 6000 Kg
(11,000 to 13,200 Ibs) available for experiment
equipment on all 7-day missions carrying a
pressurized module and up to 9100 Kg (20,000 Ibs)
available on pallet-only missions. Longer dura
tion missions will have a reduced experiment payload capacity.

« low cost for development, procurement and
operations with emphasis on system reuse and on
avoiding major new component development both in
the Spacelab subsystems and in the experiment
hardware;

One driving requirement for Spacelab has been the
need to minimize integration time required on the
ground for installing and checking out the Spacelab in the Shuttle orbiter. Shuttle economy de
pends strongly on a high utilization rate and
minimum turn-around time. With less than a day
in the Shuttle turn-around activities allocated
for payload integration we have wanted to make
the Spacelab relatively autonomous as far as sub
system interdependency with the Shuttle is con
cerned. This approach has advantages for the
Spacelab maintenance and refurbishment operations
as well as for experiment integration • Tfce&e activ
ities are planned to be carried out away from the
orbiter and, in the case of experiment integra
tion, at sites all over the country and, perhaps,
the world. However, Spacelab is not an indepen
dent spacecraft, but rather a system for expand
ing the Shuttle capabilities and as such depends
on the Shuttle for mny functions. These are
summarized in Figure 6.

. international involvement, an objective of the
post-Apollo program in general and a primary ob
jective of Spacelab activities;
« maximum responsiveness to the system and sup
port requirements defined by potential users;
* versatility and capabilities to operate in
orbit in a number of different configuration
modes, and with constant support from the ground
frvr experiment operations; and to be outfitted
on the ground in a variety of different ways in
cluding experiment integration at the homesites
of various user organizations;
. user involvement throughout to maximize the
value of the data returned and the probability of
success, and to minimize the time from the con
cept of an experiment to the delivery of results.
Figures k and 5 summarize some of the key system
and program requirements which grew out of the
objectives. To meet the low cost objectives a
system life of 10 years with up to 50 reuses has
"been adopted as a design goal making use of
ground maintenance and refurbishment. Large
weight and design margins are being encouraged
(e.g., the design weight is 20$ below the Shuttle
payload landing weight limit) to avoid costly
testing. Use of available commercial equipment
is being seriously considered for non-safetycritical applications*

The Spacelab system versatility for accommodating
many different kinds of experiments and users will
come about in large measure from modularity.
This characteristic will also permit a variety
of ground operational modes. Figure 7 shows the
kinds of modularity being considered. As pre
viously mentioned both the pressurized module
and pallet will be segmented to provide variations
in length. The forward end of the Spacelab module
will contain the basic subsystems such as the air
revitalization subsystem, the power distribution
subsystem, the controls, displays and data manage
ment subsystem. For pallet-only missions the
most forward segment of the pallet will contain
similar basic subsystems. The aft end of both
the module and the pallet will be reserved for
experiments. The floor sections for 'mounting
instruments on the pallet or in the module may
be removable. Standard racks for experiment
equipmsnt will be removable and will provide
standardized connectors for electrical power.

The objective for responsiveness to users has
resulted 'in requiring the Spacelab to provide the
types of support listed in Figure 5. Up to h
payload specialists will be accommodated in the
orbiter so that research and application activi
ties in Spacelab can continue around the clock.
Note 'that with the communications relay satellite
system that NASA is planning, the Spacelab crew
on orbit will be able to consult with their
7-8

air cooling, cold plates, controls and data
transmission. Figure 8 shows a model of the
Spacelab nodule with an end done removed and
racks and floor partially rolled out. This
concept vill permit the pressure shell and the
basic subsystems to remain at a launch site for
maintenance operations -while the racks are shipp
ed to one or more different sites for experiment
installation. Transportation, Figure 9> has been
an important design consideration since ve -want
to make all parts of the system compatible vith
C5A shipment and as many as possible -with commer
cial air cargo shipment. Modularity vill help to
provide all potential Spacelab users vith con
venient access to using the system. Moreover, it
vill meet the desire on the part of some potential
users to own or permanently hold on to a set of
experiment racks and/or pallet segments in order
to avoid the need to remove complex and delicate
equipment vhich they may vant to fly again in the
near future.

Figure 11 shovs the organizational structure for
coordinating the management of Spacelab activities
in the United States and Europe. There are paral
lel and rather autonomous structures on each side
of the Atlantic. Douglas R. Lord is the Program
Director in NASA Headquarters, Washington, and
Jean-Pierre Causse until very recently has been
the Programme Head in ESRO Headquarters, Paris.
Lord and Causse co-chair the Joint Spacelab Work
ing Group vhich is the principal coordinating
body for the program and meets on a monthly basis.
The main ESRO technical staff is located at ESTEC,
the European Space Technology and Research Center,
in the Netherlands. Heinz Stoever, the Spacelab
Project Manager, is located there and directs the
prime contractors from that position. His counter
part in NASA is Thomas J. Lee, the Spacelab Pro
gram Manager, located at Marshall Space Flight
Center vhich has been designated the lead center
for all U.S. Spacelab activity.
Figures 12 and 13 describe the tvo competing
prime contractors teams vhich have Just sub
mitted proposals for Phase C/D, the design and
development phase. MBB, or Messerschmitt-BolkovBlohm, is based in Munich and ERNO, a division of
VFW-Fokker, is based in Bremen. Both teams are
large and have industrial support from all the
countries contributing to the program funding.
Both teams also have U.S. consultants as noted
in the figures. Finally, it should be mentioned
that during Riase B both teams have demonstrated
impressive technical and management capabilities.

PROGRAMMATIC ASPECTS AMD THE EUROPEAN ROLE

The Spacelab Program is a joint program vith
major roles for both Europe and the United States.
The interdependency is illustrated in Figure 10.
The U.S. originated most of the top level program
and system requirements and has been generating
most of the candidate experiment definitions used
so far in system design evaluation. Europe is
responsible for the system design and development
and vill look to U.S. for general advice and
support in some specialty areas. Europe is also
active in identifying potential uses for Spacelab
and vill supply some of the experiments. The U.S.
vill be responsible for operation of the Spacelab
and for most of the experiment integration activ
ity. We vill also generate the majority of the
experiments for Spacelab. In early 1978 ESRO
vill deliver an engineering model of Spacelab,
functionally identical to the flight article, to
NASA along vith appropriate GSE, software, spares
and documentation. One year later ESRO vill de
liver a flight unit to NASA vith another set of
GSE, any additional software, and appropriate
spares and documentation. The cost of system
development, of the deliverable items Just
described, and of the sustaining engineering
through the first tvo flights of Spacelab vill
be borne by Europe. Note that this major finan
cial support from Europe to the Space Transporta
tion System comes at a time vhen U.S. resources
mist meet peak Shuttle funding requirements.

Bae total ESRO budget for the Spacelab Program is
shovn in Figure Ik in terms of millions of account
ing units (MAU). Based on the current conversion
to US dollars (l AU «• 1.26 dollars) the total
program budget comes to $388 million of vhich
$220 million vill be available for the main
development contract. Percentage of funding
support to the program is shovn by country in
Figure 15 vith Germany providing more than 50$
of the resources. Note that ESRO vill manage
their part of the program so that geographical
distribution of outlays vill match the contribu
tions as nearly as possible. This is a manage
ment challenge ve in NASA don't have to face.
Figure 16 shovs the principal program milestones.
Phase A studies started in mld-1972 and Hiase B
vas started in late 1972 and is considered to be
still in progress. The request for proposals for
Phase C/D vas issued on March 1, 197^* and pro
posals submitted on April 15, 197^ • The plan
calls for the Bhase C/D contract to be avarded by
June 197%. The inverted triangles at the top of
the chart stand for PRR in late 197^ (preliminary
requirements reviev), SRR in early 1975 (system
requirements revlev), EDR In. early 1976 (pre
liminary design reviev), C1R in early 19*17
(critical design reviev), E* M« Del. in early
1978 (delivery of the engineering model), and
PI Del. in early 1979 (delivery of the first
flight unit). All of the future dates Indicated
should be considered tentative.

The first Spacelab mission vill be Jointly plann
ed by ESRO and NASA, and vill carry both European
and American experiments and crev members. The
U.S. vill procure additional Spacelabs as requir
ed. Current estimates of quantities needed are
in the range of k to 6 support modules vhlch con
tain the subsystems, a larger number of experi
ment module sections and, possibly > 30 pallet
segments. Except for the estimates of Spacelab
procurement all of the previous material is de
fined officially in the Memorandum of Understand
ing betveen NASA and ESRO.
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SUMMARY
There is a great deal of interest in the Spacelab
system as reflected in the current Shuttle traffic
model* Concepts have been defined for Spacelab
•which appear to meet the objectives for a versa
tile, useful and low cost system suitable for
science, applications and technology activities
in low earth orbit on short duration missions.
Europe has decided to design and develop the
Spacelab at their own cost and has demonstrated
impressive capability in the studies to date.
The U.S. has provided program and system require
ments, and general assistance and will operate
the system when it is delivered. The joint NASA/
ESRO management team seems to be functioning
effectively, with confidence and goodwill on both
sides.

SRftCELAB
Figure 1
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Figure 2

SPACELAB SYSTEM REQUIREMENTS
'SPACELAB DESIGN WEIGHT, INCLUDING EXPERIMENT PAYLOADS 11,500 KG (25000 LBS)
FIRST FLIGHT EARLY 1980
•50 REUSES, 10 YEAR LIFE
' COMMERCIAL^ IATION AND MILITARY (CAM) EQUIPMENT ACCEPTABLE FOR NON SAFETY
RELATED USES
'MISSION SUCCESS GOAL 0.95 ON 7 DAY MISSIONS
•PLAN ON AVAILABILITY OF TRACKING AND DATA RELAY SATELLITE (TORS)

Figure k

SPACELAB USER SUPPORT CAPABILITY
BASIC SUPPORT
• 1-4 PAYLOAD SPECIALISTS

• EXPERIMENT POINTING

• PRESSURIZED VOLUME

• DATA TRANSMISSION

• ELECTRICAL POWER

• DATA RECORDING

• 7 TO 30 DAY MISSIONS

• RANGE OF ORBITS

OTHER SUPPORT AVAILABLE
• VIEW PORTS

• AIRLOCKS

• MANIPULATORS

• EXTRA VEHICULAR ACTIVITY

• BOOMS

• CONTROLS

• DISPLAYS

• FILM VAULT

• COMPUTER

• EQUIPMENT RACKS

• THERMAL CONTROL
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Figure 5

SHUTTLE SUPPORT TO SPACELAB
SPACELAB WILL DEPEND ON THE SHUTTLE ORBITER FOR:
• TRANSPORTATION TO AND FROM ORBIT
• GUIDANCE AND NAVIGATION
• MAINTENANCE OF THE DESIRED ORBIT
• CREW ACCOMODATIONS FOR SLEEPING, EATING, PERSONAL HYGIENE, WASTE MANAGEMENT
• EMERGENCY REFUGE, RESCUE OPERATIONS AND EQUIPMENT
• COMMUNICATIONS WITH THE GROUND
• PRIMARY ELECTRICAL POWER
• RADIATORS FOR HEAT REJECTION
• BASIC STABILIZATION AND COARSE POINTING

Figure 6

SPACELAB MODULARITY
ACCESS
TUNNEL

SUBSYSTEM
SECTION

EXPERIMENT
SECTION

EXPERIMENT
RACKS

REMOVABLE
BULKHEAD

SEGMENTED PALLET

REMOVABLE
FLOOR

Figure J
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9T-2,

TRANSPORTATION MODES FOR SPACELAB

CONTAINER

SEGMENTS/PALLETS BY C5A

COMPLETE SPACELAB BY SUPER-GUPPY

CONTAINER

INTEGRATED RACK
ASSEMBLIES BY 747 OR TRUCK

COMPLETE SPACELAB BY BARGE

Figure 9

SPACELAB INTERNATIONAL INTERDEPENDENCY

Bi

NASA

•USERS
• OPERATIONS
• TECHNICAL
REQUIREMENTS
•USERS

• PAYLOADS
» REQUIREMENTS
•IMPLEMENTATION
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NASA/ESRO SPACELAB PROGRAM
MANAGEMENT RELATIONSHIPS
ESRO
SPACELAB
PROGRAM

NASA
SPACELAB
PROGRAM
JOINT SPACELAB
WORKING GROUP

SHUTTLE
PROJECTS

JSC
SHUTTLE
PROGRAM

L

I

KSC

Figure 11
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Figure 12
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FRANCE
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DENMARK
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ELECTR.
PACKAGE

SPAIN

SPAIN

PRELIMINARY EUROPEAN BUDGET ALLOCATION
PHASES (DEFINITION)
MAIN DEVELOPMENT CONTRACT
ESRO INTERNAL COST, INCL. OVERHEAD
CONTINGENCY, INCL. TECHNOLOGY
TOTAL PROGRAMME COST
Figure

EUROPEAN SUPPORT OF SPACELAB DEVELOPMENT
6.30%

54.10%

Figure 15

7-21

SPACELAB PROGRAMME SCHEDULE
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